Abstract. In industrialized countries musculoskeletal disorders (MSD) play an import role and are often responsible for almost one third of the total sick leave. The changes in the demographic profiles, i.e. aging work forces might even worsen this situation in the future. For a highly productive and sustainable use of human resources in production systems, ergonomics offers high potentials. In the recent years the authors have developed several ergonomic risk assessment tools, especially for the use in automotive industries. These methods may be used during the planning phases in the Tech Centers as well as during the production phase at shop floor level. The tools might also be used for a standardized communication in between the Tech Center and the plants to improve the effects of "lessons learned" for the design and layout of workstations and processes and the optimization of vehicle components. This paper describes suitable risk assessment tools as well as the integration of these tools into the vehicle development process. It introduces a comprehensive management approach for the integration of ergonomics into the management of production systems.
Introduction
Musculoskeletal disorders play an import role in industries and are responsible for more than one third of the total sick leave [1] . Besides this they generate high costs for companies and national economies. In Germany 2006, MSDs generated a loss of more than 400 million working days and a productivity loss of about 36 billion € [1] .
In Europe the protection of health & safety at work is regarded as a public responsibility. The common European system of health and safety at work is mainly set up by the EU-Machinery Directive (2006/42/EC [2] ) and EU-Framework Directive (89/391/EEC [3] , including relevant Individual Directives e.g. the EU-Directive on manual materials handling 90/269/EEC [4] ), which demand ergonomic risk analysis to be carried out in various phases of the product life cycle.
While in other regions of the world, governments do not implement national guidelines on health and safety at work, the companies are nevertheless responsible for the well being of their workforce and might face high compensation payments, if this fails.
Especially the Global Players in automotive industries have an intensive interest to have a global protection of their workforces; no matter if there are national or regional legislative requirements or not.
For these reasons, ergonomic risk assessments methods are needed to identify and evaluate health risks. Besides these, company internal processes are needed to tackle these risks.
The Institute of Ergonomics, Darmstadt University of Technology (IAD) has developed a set of risk assessment tools and a methodology how to integrate them into a company internal process that covers the whole product life cycle.
The risk assessment tools cover EU legal requirements and consider internationally accepted analysis tools for physical workload, which include also European and International ergonomic standards.
Methods
In a comprehensive company internal ergonomics process risk assessment tools act as a common platform for the company structures involved and support (legal) requirements for the ergonomic design and evaluation process (see figure 1) . 
Ergonomic risk assessment tools
In order be able to perform intensive risk assessments for ALL workplaces (of a similar type)in a plant or for ALL processes or workstations designed in a Tech Center, a new generation of ergonomic screening tools had to be developed in order to keep the effort needed at an acceptable level.
The first German approach in this field was the FIOSH's (Federal Institute of Occupational Safety & Health) Key Indicator Method (KIM) on manual material handling (repositioning, holding and carrying [5] ).
In the following years the IAD developed a series of methods that allow the evaluation of physical workloads at shop floor level by means of screening tools. These tools are either workplace or operator oriented.
Workplace oriented tools
Workplace oriented methods are based on a workplace's geometric layout and the task required mechanical interaction (forces, moments, weights) and "forecast" a workload for a specific user population e.g. by means of DesignCheck [6] for a general European working population.
DesignCheck describes the operator's physical workload originated by working postures (and movements) with low physical effort, action forces, manual materials handling and repetitive loads of the upper limbs. Variations in body height lead to variations in body postures and consequently in the load level. With respect to the physical workload DesignCheck is able to consider neutral, male and female work forces.
Operator oriented tools
In accordance to the KIM and the Toyota [7] method, operator oriented IAD tools grant load points for ergonomically unfavorable conditions. Dependant on the score, a traffic light three zone rating system is associated with respect to the demands of the Machinery Directive (EN 614). In the following the recent development, the EAWS [8] is shortly described. The EAWS [9] consists of four sections for the evaluation of working postures and movements with low additional physical efforts (< 30-40 N or 3-4 kg respectively), action forces of the whole body or hand-finger system, manual materials handling and repetitive loads of the upper limbs.
Sections one to three base their evaluation on physiological and biomechanical criteria; section four is based on medical and epidemiological data. With respect to the different evaluation approaches the results of sections one to three are combined to a "whole body" exposure, whereas section four indicates the load situation of the "upper limbs".
Both approaches are rated in a 3 zone rating system. The overall estimation is the worst case of "whole body" and "upper limbs".
The dashed line in between the green, yellow and red zones indicate, that they are no strict border lines, but transient areas. This means 47 and 53 points represent the same "orange" color, i.e. colors do not "switch from yellow to red", when crossing a score of 50.
Ergonomic company processes
A successful application of ergonomic risk assessment tools requires company internal structures and processes. The kernel of the process is the ergonomic assessment tool that must be adapted to the company's need and trained. The following roll out may point out structural problems in a company so that a further development of company structure might be required. Awareness of ergonomic problems and their consequences is a further prerequisite for the success. Finally roles and responsibilities for the use of tools and the tracking of problems must be well defined and monitored.
The 4 + 1 concept
Experiences of introducing ergonomic processes into various companies led to a so called "4 + 1 concept" [10] as shown in fig 2. Introduction/Improvement
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(Tools for) Evaluation and Control of Actions Fig. 2 Four steps aim to integrate ergonomics into an enterprise: introduction and roll out of assessments methods, integration into the product development process, ability oriented planning and the evaluation and control of the implementation process
The first process step is the introduction of a risk assessment tool. This step generates a company's awareness for ergonomic problems and shows the company's current state of art in ergonomics. This step includes the adaption of the tool to the company's needs and first training courses on the tool followed by try outs at the shop floor.
In a next step the tool has to be rolled out to all departments where ergonomics is of relevance. These two steps have to be monitored and controlled for effectiveness. For this purpose module 5 had to be developed and applied [11] .
To use the benefits of lessons learned in a production system step 3, integration of ergonomic risk assessments in the product realization process, has to be performed. This helps to overcome reactive ergonomic design at shop floor level and enter a phase of highly efficient conceptive ergonomics in the product design and planning phase.
With respect to impaired people or changing demographic profiles, module 4 allows a better matching of operator abilities and workstation demands.
Implementation / case studies
After almost 15 years of development and design of ergonomic screening tools, several first level screening tools for the evaluation of physical workload are available. They had been tested and implemented in various companies [8] .
They are easy applicable and comply with the requirements from secondary level analysis tools. They can be applied in the production as well as in the planning phase and serve as a communication tool in between the production and the development centers. Though the tools offer a first level screening their application is complex and not self explaining. Intensive training is required in order to ensure a proper application.
In order to control an effective implementation an ergonomic audit tool was developed and tested. The assessment of process outcomes enables managers to control the effectiveness of the implementation. The modular structure helps to quickly select appropriate and effective actions, the effectiveness of which could then be easily re-assessed [12] .
Discussion
Before and while applying ergonomic screening tools, considerations should be made to limitations of these methods. Developed for applications in automotive assembly where short work cycles are predominant, the correct application should be considered when using these tools in longer work cycles (e.g. more than five minutes) or during acyclic work. For these situations in must be proofed that the load situations are almost equally distributed over the shift and prolonged high workload or load peeks are not present. The application of such screening tools cannot replace a detailed risk assessment as described in the secondary level analysis tools (e.g. European and International standards). The tools however can help to identify risks and prevent from applying secondary level tools, if the outcome of the assessment is clearly "green" or "red". In the first case no action is needed in the latter case redesign is required. The tools show what load situations should be lowered.
The management of ergonomics, however, has to face a particular challenge: Most of the desired results, i.e. less work-related musculoskeletal disorders, higher employee satisfaction and a sustainable as well as effective use of the human resource within the production system are subject to multi-causal influences and long time gaps between cause (ergo-nomic risks) and effect (injuries, impairments). That is why absenteeism, injury-rates or employeesatisfaction cannot simply be used as control indicators for a successful implementation of ergonomic work conditions.
Instead, evaluation has to be focused on systematic risk reduction in terms of a total ergonomics management. The conducted audits showed that an audit is a highly accepted method which allows to quickly assess the organization and processes concerned with ergonomic risks.
